SUPPLEMENTARY FIGURES
. Primary sequence alignments of Polβ, Polλ and TdT orthologs. Primary sequence alignments of the homologs of (A) Polβ, (B) Polλ or (C) TdT, from the indicated vertebrates were performed using the MULTALIN server (http://multalin.toulouse.inra.fr/ multalin/). The highlighted residues are the amino acids located in the equivalent position of human Polµ Gly 174 and Arg 175 (See Figure 1C) . These highlighted residues are highly conserved through evolution in both Polβ and Polλ, but not in TdT. CCCTCCCTCCCA-3') was hybridized to a 11-mer oligonucleotide (5'-GGGAGGGAGGG-3'), to generate a labeled 3'-protruding labeled primer molecule. Simultaneously, a 14-mer oligonucleotide (5'-GCACTCACGTCCCA-3') was hybridized to a 13-mer oligonucleotide harboring a 5'P group (5'P-GGGACGTGAGTGC-3') to generate a 3'-protruding unlabeled labeled template DNA molecule. The reactions were performed by incubating either purified wild-type Polµ or the variants (200 nM) with 7 nM of the labeled DNA, 18 nM of the unlabeled molecule (when indicated), 25 µM of the indicated dNTP, 2.5 mM of MgCl2 and 1X reaction buffer (50 mM Tris-HCl pH 7.5, 1 mM dithiothreitol (DTT), 4% glycerol, 0.1 mg/ml bovine serum albumin (BSA)) in a final volume of 20 µl. After 30 min of incubation at 30ºC, the reactions were stopped by addition of loading buffer (95% (v/v) formamide, 10 mM EDTA, 0.1% (w/v) xylene cyanol and 0.1% (w/v) Bromophenol Blue). Primer extension was analyzed by 8 M urea-20% polyacrylamide (w/v) gel electrophoresis. The extended products were detected using a BAS-1500 phosphorimager (Fujifilm) and band intensities were determined by densitometry.
Data are the means of three independent experiments and the SD is represented in the error bars. The experiments showed that, in this sequence context, Polµ could not incorporate the template-directed nucleotide (dTTP) more efficiently than the incorrect nucleotides, unlike a comparable non-complementary NHEJ experiment but using a different sequence context (Fig.   3A) . Additionally, Polµ behaved similarly irrespective of the presence of a 5'P flanking the template base, confirming that in this sequence context Polµ preferably incorporates nucleotides in a template-independent fashion. Interestingly, both the G174S and R175H mutations displayed a similar rate of incorporation of each dNTP compared to the wild-type control, again demonstrating that the defect imposed by the mutations exclusively affects template-directed incorporation of nucleotides via bona-fide NHEJ. Figure S4 . 2nt gap-filling coupled to NHEJ in vivo. When facing a 2-nt gap, Polµ preferably copies the second template base thereby skipping the first available template base (references 18-22 in the main text). We have demonstrated that the R175H mutation pronouncedly decreased the efficiency of this skipping-ahead reaction and also of regular primer extension at 2-nt gaps (Fig. 4) . Conversely, we have also observed that the G174S mutant increased the efficiency of regular primer extension while slightly decreasing the skipping-ahead efficiency (Fig. 4) , albeit all these analyses were performed only in a regular 2-nt gap-containing dsDNA and not in a NHEJ-like context. Hence, we sought to determine the effect of the mutations on 2nt gap-filling associated to NHEJ, and for this purpose we took advantage of the extrachromosomal cellular NHEJ system recently reported (reference 18). A DNA substrate mimicking a DSB with 2-nt gaps was electroporated into the cell together with the purified enzymes, as described in the Material and Methods section. The substrate allowed monitoring of both the skipping-ahead phenomenon (+C junctions) and the complete filling of the 2-nt gap (+TC junctions), by reconstitution of the MluI and AatII restriction sites respectively. The experiment showed that neither wild-type Polµ nor the mutants could correctly fill the 2-nt gap during NHEJ in vivo. Conversely, the mutants performed the skipping-ahead reaction during NHEJ in vivo, although less efficiently than the wild-type control, in agreement with their defect in skipping ahead in vitro and their overall deficient ability to perform NHEJ. Fig. 4 ), we speculate that the nature of these residues, Gly 174 or Trp 274 , define the ability of individual members of the PolX family to complete 2-nt gapfilling reactions. Polλ is particularly accurate when filling 2-nt gaps due to its ability to scrunch the next-to-be-copied template base in an extrahelical position (reference 23 in the main text).
Analysis of the structures of human Polλ in complex with 1-nt gap vs 2-nt gap indicates that Trp 274 is placed very close to the site where the template of the 2-nt gapped DNA is scrunched.
Moreover, when the DNA is scrunched Trp 274 moves accordingly, which could suggest that it is involved in this reaction, yet this remains to be determined. The 3D-structural images in this figure were created with the PyMol Molecular Graphics System (Version 1.2r2, Schrödinger), using the structure of human Polλ in complex with a 1nt-gapped DNA and ddTTP (PDB ID 1XSN) (reference 41) and the structure of the ternary complex of human Polλ bound to a 2nt-gapped substrate with a scrunched dA (PDB ID 3HWT) (reference 23). 
